26
the 28-kDa IGFBP is more closely related to human IGFBP-1 and zebrafish IGFBP-1a than the 27 previously identified salmon IGFBP-1 (i.e. 22-kDa IGFBP). We thus named salmon 28-and 
92

Serum collection
Partial N-terminal amino acid sequence of purified 28-kDa IGFBP was determined using the 133 procedure described in Shimizu et al. [45] . In addition, internal amino acid sequence was analyzed 134 by digesting the purified protein with trypsin. Purified protein (2.2 µg/16.6 µl 100 mM Tris-HCl, 135 pH 8.5) was mixed with a sequence grade trypsin (Roche Applied Science, Mannheim, Germany)
136
(40 ng/0.4 µl 1 1mM HCl) and incubated at 37°C for 10 min. Digested protein was immediately 137 mixed with the sample buffer containing 2-mercaptoethanol and separated by 15% SDS-PAGE.
138
After electrophoresis, it was electroblotted onto a PVDF membrane and stained using CBB R-250.
139
A major fragment band around 17 kDa was sequenced by the Edman degradation method at
140
Instrumental Analysis Division, Equipment Management Center, Hokkaido University (Sapporo,
141
Hokkaido, Japan).
143
cDNA cloning of trout and salmon 28-kDa IGFBP
144
Liver cDNA was prepared from a 1-year-old rainbow trout injected with cortisol. A degenerate and 69.2 ± 4.5 g, Ave ± SE) and small (12.6 ± 0.4 cm and 23.1 ± 2.0 g) groups were considered to 201 be smolt and parr, respectively, which are two phenotypes with differing seawater adaptability.
202
The both groups were directly transferred to either full seawater (SW) ( 
224
Plasma from spawning Chinook salmon and rainbow trout injected with cortisol were analyzed for
225
IGFBPs by Western ligand blotting using digoxigenin-labeled human IGF-I (Fig. 1) . Three
226
IGFBP bands at 41, 28 and 22 kDa are consistently detected in plasma during spawning season
227
whereas the 28-kDa IGFBP band was more intense during the later stages of spawning (Fig. 1a) .
228
Cortisol injection of rainbow trout induced both 30-and 22-kDa IGFBP in plasma, whereas
229
injection of vehicle only also had a moderate effect on the IGFBP induction (Fig. 1b) .
230
The 28-kDa IGFBP was purified from serum of spawning male Chinook salmon. The
231
same purification procedure used for the 41-kDa IGFBP was applied to the 28-kDa IGFBP.
232
Reversed-phase HPLC of an affinity purified IGFBP mixture yielded peaks of 41-and 28-kDa
233
IGFBP at 32 and 33% acetonitrile, respectively ( 
239
A cDNA for rainbow trout 30-kDa IGFBP was first cloned using degenerate primers and 
246
Cloned Chinook salmon IGFBP had a higher sequence homology with human IGFBP-1 and 247 zebrafish IGFBP-1a than did salmon 22-kDa IGFBP (Table 1) . Phylogenetic analysis revealed 248 that these IGFBPs are placed in a clade with zebrafish IGFBP-1a, and carp and catfish IGFBP-1,
249
whereas previously reported salmon and trout IGFBP-1s were placed in another clade with 25.9 kDa and a weak PEST region but no N-glycosylation site or Arg-Gly-Ser (RGD) sequence
253
( Table 2) .
254
Tissue distribution of salmon igfbp-1a and igfbp-1b mRNA was examined by RT-PCR
255
( Fig. 6 ). igfbp-1a was expressed in a variety of tissues such as pituitary, gill, heart, stomach,
256
intestine, spleen and muscle. igfbp-1a is also detected in the liver but its expression was relatively 
267
IGFBP-1a in SW small fish increased again from 24 h and reached 42-fold higher level than that in
268
FW small fish 72 h after transfer. It returned to the basal levels 7 days after transfer, which was 269 accompanied with a significantly high gill Na + ,K + -ATPase activity (Fig. 7e) . Plasma IGFBP-1b
270
(22-kDa form) levels were significantly increased in SW in both sizes within 6 h (Fig. 7c ). 
290
We first purified the 28-kDa IGFBP from Chinook salmon serum to obtain the partial 291 N-terminal amino acid sequence. The same purification procedure used for the 41-kDa IGFBP
292
[45] could be applied for the 28-kDa IGFBP. However, recovery of purified protein varied among 293 serum pools. Sera were collected from spawning fish during late October and early November.
294
Even with the relatively short sampling period, the level of the 28-kDa IGFBP appeared to be 295 higher in fish sampled at later dates presumably due to prolonged starvation. Purification of fish 
412
In conclusion, we showed that two of the three major circulating IGFBPs in salmon are 
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622
Under-yearling Chinook salmon smolt and parr were sorted by size and transferred to full seawater.
623
Plasma was collected 0 h, 6 h, 12 h , 24 h, 48 h, 3 days and 7 days after transfer. Shimizu et al., Fig. 3 human BP-1 A P W Q C A P C S A E K L A L C P P V trout 30K BP K P V L A O E P I R C A P C S P E K L S salmon 28K BP S P V L A X X X X X C A P C S P E K L S E C P A V salmon BP-1 S P V V G P E P I R C A P C T Q E K L D E C P A I zebrafish BP-1a S P V V G O E P I R C A P C S P E R L A E C P A V zebrafish BP-1b S P V P A P E P I R C A P C S A D Q L S A C P A V human BP-4 D E A I H C P P C S E E K L A R C R P P 
